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(54) Error correction device and optical disk reader comprising such a device 



(57) Reed-Solomon error correction device, com- 
prising Reed-Solomon type correction means (2, 3, 4) 
capable of carrying out correction passes, this device 
comprising: 

a first memory (5) intended for containing DVD type 
data, as well as CD type data (C2) after a first cor- 
rection pass, with a view to the de interleaving of the 



said CD type data before a second correction pass; 
a second memory (6) of smaller capacity than the 
said first memory, intended tor containing CD type 
data (C1) before correction, as well as deinter- 
leaved CD type data (C2). 

The invention also relates to an optical disk reader 
comprising such a device. 
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Description 

[0001] The invention relates to a Reed-Solomon type error correction device and an optical reading apparatus com- ' 
prising such a device. The invention applies in particular within the context of error correction in apparatuses for reading 

s optical or magneto-optical disks. 

[0002] The compact disc, generally abbreviated to 'CD', was introduced onto the market in 1 982. Given the need for 
media of ever larger capacity and in order to take account of developments in the fields of the recording, coding and 
reading of data, a new standard has recently emerged. This is the so-called DVD standard. The latter relies, for reading, 
on similar principles to those of CD, but allows a greater density of information. 

10 [0003] Compatibility of CD discs and DVD readers is obviously desirable for users. However, the coding of the data 
in the two standards is very different: data packets of different length and likewise different interleaving of the packets, 
different parameters of the error correction. 

[0004] Typically, in respect of Reed-Solomon type error correction, in order for a reading apparatus to be able to 
decode both the CD format and also the DVD format, two circuits, dedicated respectively to CD type error correction 
is and to DVD type error correction would be used within the same apparatus. 

[0005] It is obvious that this solution is not satisfactory, since redundant elements are employed, thereby raising the 
cost of the device. Moreover, given the difference in format of the DVD and CD type data packets to be processed, it 
is difficult to find a configuration which is satisfactory in the case of each processing. 

[0006] The invention consequently proposes a correction device which can perform the correction of both formats. 
20 [0007] The subject of the invention is a Reed-Solomon error correction device, comprising Reed-Solomon type cor- 
rection means for carrying out correction passes, characterized in that it furthermore comprises: 

a first memory intended for containing DVD type data, as well as CD type data after a first correction pass, with a 
view to the deinterleaving of the said CD type data before a second correction pass; 
25 - a second memory of cache memory type and distinct from the said first memory, the said second memory being 
intended for containing CD type data before correction, as well as deinterleayed CD type data. 

[0008] Two memories are therefore used, a first of relatively large size, making it possible to store the DVD type 
packets as well as the CD type packets after the first pass, and a second, of much smaller size, intended to be used 
30 solely during correction in CD mode. This has the advantage that during correction in CD mode, the first memory is 
called upon solely for the deinterleaving required. The frequency of access to this first memory is therefore reduced 
and allows the use of a lower-performance and hence cheaper memory. This is particularly beneficial when the first 
memory is a commercial circuit. _ .. 

[0009] According to a particular embodiment, the symbols corresponding to the DVD type data are transmitted to 
35 the Reed-Solomon type correction means from the said first memory, whereas the symbols corresponding to the CD 
type data are transmitted to the Reed-Solomon type correction means from the said second memory 
[0010] The second memory is used to perform an on-the-fly correction for two reasons: firstly, being of small size, it 
is possible to use a memory of high performance from the frequency of access point of view; secondly, the CD type 
code-words lend themselves better to such correction than the DVD type code-words, which are much more volumi- 
40 nous. 

[0011] According to one embodiment, the said device comprises a first integrated circuit containing the said Reed- 
Solomon correction means and the said second memory, whereas the said first memory is contained in a second 
integrated circuit distinct from the first integrated circuit. 

[0012] The subject of the invention is also an optical disk reader comprising the correction device. 
45 [0013] Other characteristics and advantages of the invention will become apparent via the description of a non- 
limiting illustrative embodiment described with the aid of the figures among which: 

Figure 1 is a diagram illustrating the RS coding of a CD type data block, 
Figure 2 is a diagram illustrating the RS coding of a DVD type data block, 
50 Figure 3 is a block diagram of the device in accordance with the present illustrative embodiment, 

Figure 4 is a block diagram illustrating the data exchanges in the mode referred to as 'DVD' mode, 
Figure 5 is a block diagram illustrating the data exchanges in the mode referred to as 'CD' mode, 
Figure 6 is a diagram illustrating the storage of a DVD type data packet in a memory of the device in accordance 
with the invention, 

55 Figure 7 is a diagram illustrating the organization of the data inside a memory of the device in accordance with 

the invention, 

Figure 8 is a layout of the two registers of coefficients of polynomials used by the equation solver of Figures 3 to 5, 
Figure 9 is a diagram illustrating the connection of cells to registers in an equation solver circuit used in the Reed- 
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Solomon decoding, 

Figure 10 is a block diagram of a cell of Figure 9, 

Figure 11 is a block diagram of the cell of Figure 10 in a first configuration, 
Figure 12 is a block diagram of the cell of Figure 10 in a second configuration, 
5 Figure 1 3 is a block diagram of the cell of Figure 1 0 in a third configuration, 

Figure 14 is a block diagram of several cells of Figure 10, placed in series, according to a first configuration, 
Figure 15 is a block diagram of several cells of Figure 10, placed in series, according to a second configuration, 
Figure 16 is a block diagram of an optical disk reader comprising a device in accordance with the invention. 

10 [0014] The CD ('compact disc') standard advocates the use of a cross interleaved Reed-Solomon error correcting 
code (or CIRC). The implementation of this code involves splitting each digital sample of 16 bits to be coded into two 
symbols of 8 bits. 

[0015] Figure 1 illustrates more particularly the structure of a data block (frame) in accordance with the CD standard. 
[0016] The samples to be coded are stored in a random access memory and presented to the encoder in the form 

is of blocks of twenty-four symbols (corresponding to six samples of 16 bits for each of the two channels). According to 
a first step, these symbols are interleaved, by delaying the even samples by two samples and by swapping the con- 
nections to the first part of the encoder, termed the encoder C2. The encoder C2 determines four parity symbols of 8 
bits (so-called symbols Q) from the code-word of 24 symbols, and inserts the four parity symbols among the other 
symbols. This results in 28 symbols. The encoder C2 is therefore a (28, 24) encoder. 

20 [0017] The symbols are transmitted to the second encoder, called the encoder C2, via 28 delay lines of unequal 
length, which are multiples of four blocks, so as to distribute the 28 symbols of one word over 28 different blocks. These 
28 blocks will next be interleaved with other blocks, at a rate of one block out of the 28 blocks for three other blocks. 
The encoder adds four parity symbols of 8 additional bits (symbols P) to each block, taking the total to 32 symbols. 
The encoder C1 is therefore a (32, 28) encoder. These symbols are used, after additional processing consisting in 

25 inverting the parity symbols and delaying the even symbols, to form a data packet. 

[0018] These data are supplemented with a certain amount of control information, which will not be detailed here. 
For further information regarding the coding of the data, refer inter alia to chapter 9 of the work 'Digital Audio and 
Compact Disc Technology', third edition 1 995, Sony Service Centre Europe, or again the work 'Reed-Solomon Codes 
and their applications', Wicker/Bhagarva, IEEE Press 1994, chapter 4. 

30 [0019] Correction of the CD type packets therefore requires two passes through a Reed-Solomon decoder, the first 
for the decoding C1 and the second for the decoding C2, with a deinterleaving between the two passes. 
[0020] If the correction capacity of C1 is exceeded (as a function of the number of erasures and of errors to be 
corrected), the 28 symbols (32 minus the four parity symbols P) are marked by erasure flags and are not corrected. 
During deinterleaving, these 28 symbols will be distributed over 28 blocks. 

35 [0021] If the correction capacity of C2 is exceeded, the 24 symbols (28 minus the four parity symbols Q) are marked 
by a flag and are not corrected. 

[0022] The error correction used within the context of DVD ('Digital Video/Versatile Disc') is different: a block of 1 92 
lines of 1 72 symbols (one symbol = 1 byte) is associated vertically with a so-called external Reed-Solomon code ('PO') 
composed of 1 6 lines of 1 72 bytes, and then horizontally with a so-called internal Reed-Solomon code ('PI') composed 
40 of 208 lines of 10 bytes. The internal code is calculated from the data block and from the external code. The whole 
gives a block of 208 lines of 1 82 bytes. 1 6 lines of the external code are then inserted in an interleaved manner among 
the 192 remaining lines. 

[0023] The structure of a data packet in accordance with the DVD standard is illustrated by Figure 2. 
[0024] Figure 3 is a block diagram of the device according to the present illustrative embodiment. 
45 [0025] A circuit 1 comprises, in series, for the needs of the error correction proper, a syndrome generator 2, an 
equation solver 3 and a corrector 4. 

[0026] A random access memory 5 external to the circuit 1, for example of the SRAM type, serves to store certain 
packets of raw data to be corrected and the corrected data. An internal random access memory 6, used solely in CD 
mode, is intended to store results of intermediate decoding. This advantageously avoids overly frequent access to the 
so external memory 5. 

[0027] The circuit 1 furthermore comprises four multiplexers which, according to their state, define the CD mode of 
operation or the DVD mode of operation, as well as the various steps within the context of each mode. A first multiplexer 
7 selects, at the input of the syndrome generator 2, either the data originating from the SRAM 5, or the data originating 
from the memory 6. A second multiplexer 8 selects at the input of the memory 6 either the data originating from the 
55 SRAM 5, or the incoming data originating from outside the circuit (line I in Figure 1). A third multiplexer 9 selects, at 
the input of the corrector 4, either data originating from the SRAM 5, or data originating from the memory 6, or data 
originating from the equation solver 3. Afourth multiplexer 1 0 supplies the SRAM 5 either with corrected data originating 
from the corrector 4, or with incoming data (I). 
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[0028] The memory 5 is used to store the DVD type blocks, the error or erasure flags associated with these blocks 
before or after a correction pass, the CD type blocks C2 for the purpose of interleaving before correction, error flags 
associated therewith, the corrected blocks C1 and various synchronizing data. 

[0029] Each Reed-Solomon error correction pass performed by the circuit 1 can be summarized as follows, whether 
5 it be in CD or DVD mode. 

[0030] Step 1 . Calculation of the syndromes Sj of the erasure polynomial E(z) and of the modified syndome T(z): 

r-l . 

w S(z). 2 S: Z J 

j = 0 J 



is where r is the number of parity symbols in a code-word, and where 

Sj= Z r^J (1) 
i«0 

where n is the number of symbols of a code- word, where the coefficients ^are such that r(x)=r n _ 1 -z n ' 1 +r n _ 2 -z n " 2 +.. 
+r 0 where r(x) is a code-word received, and where a' is a root of g(z), the generating polynomial, 



20 



25 



30 



35 



45 



50 



55 



e 



E(z)= nO-za*) (2) 
k = l 



where cc^ is the position of an erasure k and where e is the number of erasures, 



T (z)=S(z)E(z)mod z 2t (3) 



where t is a parameter of the RS code. 
[0031] Note: the parameter r depends on the correction in progress. It is the number of syndromes to be calculated 
40 for each code-word. It is equal to the number of parity symbols in the code-word to be corrected: 4 and 4 for the two 
codings C1 and C2 of the compact disc, 10 and 16 for the internal and external codings of DVD. 
[0032] Step 2. Implement the extended Euclid algorithm to calculate the error-locating polynomial A(z) and the error- 
evaluation polynomial Q(z), and calculate the new error- locating polynomial \j/(z), where 



V(z)=A(z)E(z)modz 2t (4) 

[0033] Step 3. Implement the Chien algorithm to determine the roots of the error-locating polynomial. The roots of 
this polynomial indicate the positions of the errors and of the erasures in the symbols received. Implement the Forney 
algorithm to determine the values of the errors and of the erasures from the roots of the error-locating polynomial, and 
from the derivative of the error-locating polynomial and of the error-evaluation polynomial. 
[0034] Step 4. Verify the decoding procedure and correct the symbols received. 

[0035] The algorithms mentioned are, per se, known elsewhere. Reference may be made in particular to the work 
'Reed-Solomon Codes and their Applications', edited by S.B. Wicker and VK. Bhagarva, IEEE Press 1994, as regards 
implementations of the Euclidal algorithm and the Chien and Forney algorithms, and generally, the mathematical theory 
of Reed-Solomon codes. The literature also contains other algorithms for carrying out each of the steps. 
[0036] In what follows, firstly, the manner of operation of the device in each mode, DVD or CD, will be described and 
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then, secondly, a more detailed description will be undertaken of the hardware implementation of certain aspects of 
the Reed-Solomon decoder, in particular the equation solver 3. 
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DVD decoding 

[0037] The manner of operation in DVD mode is illustrated by Figure 4. As compared with the general layout of 
Figure 3, the parts of the circuit 1 which are not relevant to operation in DVD mode have been deleted. 

(a) Internal code (PI) - First pass 

[0038] The incoming data are stored initially in the SRAM 5, travelling via the multiplexer 10. Figure 6 shows the way 
in which the blocks are stored in the SRAM 5. These data are composed of two blocks of 208*182 bytes. Each block 
is accompanied by 208*23 erasure bytes. For a symbol of a block, each erasure bit indicates whether this symbol is 
to be regarded as safe or not. This information is used later in the course of the Reed-Solomon error correction. These 
erasure bits are determined in a manner known per se by an assembly outside the circuit 1. According to the present 
illustrative embodiment, this outside assembly verifies the presence of the datum in a digital demodulation table. 
[0039] Initially, the circuit carries out the decoding of the internal RS code PI. The block of data or symbols, as well 
as the erasure bits are read line by line from the SRAM 5 and transferred to the syndrome generator 2. The latter 
determines for each line (each code-word) the polynomial S(z) and the erasure polynomial E(z), as were defined earlier. 
[0040] In practice, the syndromes Sj are calculated as follows: 



25 



n-i 
Sj= Z T{T» 
i = 0 



where T is the matrix associated with the generating polynomial G(z). According to the present example, G(z) 
=z 8 +z 4 +z 3 +z 2 +1. In this case, the matrix T is: 
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[0041] The calculations of the Sj syndromes are performed by the generator 2, with the aid of j registers each fed 
back to their respective input through a multiplier by T n and an adder. The syndromes Sj constitute the coefficients of 
the polynomial S(z). 

[0042] In the case of DVD decoding, each transferred line therefore comprises 182 bytes of data, each byte repre- 
senting a symbol, as well as 182 erasure bits, one for each symbol. Since the internal code PI consists of 10 correction 
symbols, 10 syndromes are calculated. The generator 2 also determines from the erasure bits the coefficients Ej of 
the erasure polynomial E(z) and stores them in an appropriate register. 

[0043] If there are more than ten erasures in a line, correction is not possible and the code-word is marked as 
erroneous. The erroneous state of a code-word is written to the SRAM memory (Figure 6), in the form of a bit ('Inner 
1 Error Flag 1 ). 

[0044] The coefficients of S(z), and if relevant of E(z), are transmitted to the equation solver 3. 

[0045] If an erasure polynomial E(z) exists (at least one erasure), then the circuit 3 calculates the polynomial T(z), 
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the product of E(z) and S(z), then implements the extended Euclid algorithm to determine the error-locating polynomial 
A(z) and the error-evaluation polynomial £2(z) at the same time. 

[0046] If no erasure exists, then the determination of Q(z) and of A(z) is performed directly from S(z) (as regards the 
calculation, we shall take E(z)=1 in this case). 
5 [0047] The circuit 3 also determines, if relevant, y(z). 

[0048] The structure and manner of operation of the circuit 3 will be seen in detail later. 
[0049] The corrector 4 executes the Chien and Forney algorithms in a known manner. 
[0050] The following data will therefore ultimately be available to this corrector: 

10 - the positions of the errors in the code-word processed, 
the values of these errors, 
the number of erasures. 

[0051] The errors in the code- word are corrected accordingly. To do this, the corrector circuit 4 (Figure 4) reads the 
is code-word to be corrected from the SRAM memory 5 and the positions and values of the errors from the circuit 3. The 
corrector 4 writes the corrected code-word to the SRAM 5, at the location of the initial code-word. The multiplexers 9 
and 10 are controlled accordingly. If the capacity of the RS code is exceeded, the corrector writes an error indication 
flag (reference 'Inner 1 Error Flags' of Figure 6). 

20 (b) External code (PO) 

[0052] The device then carries out a second correction on the basis of the code PO. Depending on the result for 
each vertical code-word, an error flag is set to an appropriate value (reference 'Outer Error Flag' of Figure 6). 

25 (c) Internal code (PI) - Second pass 

[0053] Once the PO correction has been made, a second horizontal correction is performed on the basis of the 
internal code PI. Certain words which were not correctable during the first pass may have become so following the 
correction of certain symbols of these words during the correction based on the PO code. If relevant, error flags (ref- 
30 erence 'Inner 2 Error Flag' of Figure 6) are set to the appropriate value. 
[0054] This last pass can be optional. 

CD decoding _ . . _ 

35 [0055] Operation in CD mode is illustrated by Figure 5. As compared with the general layout of Figure 3, the parts 
of the circuit 1 which are not relevant to operation in CD mode have been deleted. 

[0056] Initially, the data to be corrected (blocks C1 of 32 symbols) are written to the internal random access memory 
6 through the input E. Figure 7 illustrates the way in which the data are written to this memory 6. The memory 6 includes 
space for three blocks of 32 symbols each. The blocks C1 are interleaved when they are stored in the memory 6. Given 

40 the nature of the interleaving, two blocks are required to obtain a code-word C1 . The location of the third block is used 
to write the next block C1 , this write taking place during the correction of a previous block. 28 locations of the memory 
6 are reserved for a code-word of 28 symbols (code C2). Four locations are reserved for other information, this giving 
the memory a length of 1 28 words. The memory possesses a width of 9 bits, 8 bits being intended for storing symbols, 
the ninth indicating the erasures. Initially, the erasure bits indicate whether the stored symbols are valid or invalid. 

45 [0057] The syndrome generator 2 reads a first deinterleaved code-word from the memory 6, as well as the corre- 
sponding erasure bits. The processing operations performed by the circuit 2, as well as subsequently by the solver 3, 
are similar to those of the DVD mode, it being understood that the parameters of the Reed-Solomon code are not the 
same. The principle of the correction is however identical. 

[0058] The location of the errors and their value is communicated by the solver 3 to the corrector 4. The latter receives 
so all the symbols of the code-word from the RAM 6, apart from the parity symbols C1 . If a correction is necessary, then 
the erroneous symbol is replaced by the corrected symbol. The symbols are then stored in the memory 5. It should be 
noted that in this 'on-the-fly correction', all the symbols travel from the RAM memory 6 via the corrector 4 to the memory 
5, whereas in the DVD mode only the symbols to be corrected travel from the memory 5 through the corrector and 
again to the memory 5. 

55 [0059] This architecture is based on the recognition of the fact that the code-words in CD mode (28 or 32 symbols) 
are much shorter than in DVD mode (182 or 208 symbols). An on-the-fly correction is carried out only on the 'short' 
code-words, and this is done from the fast memory 6, since all symbols of a code-word then have to travel via the 
corrector. Such an on-the-fly correction of long code-words would demand more cycles on the part of the corrector 4, 
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as well as the implementation of a much faster and consequently more expensive memory 5 if the code-words to be 
corrected in this way were stored therein. 

[0060] Consequently, this architecture makes it possible to use a commercial memory 5, the latter being arranged 
outside the component comprising the device described here, and to make provision on the component itself for an 
5 internal memory, of small size and hence inexpensive. This is worthwhile in the case where the memory 5 is imple- 
mented on a component other than the memory 6. 

[0061] It is clear that the allusion to 'external' or 'internal' memories does not exclude the application of what is 
described to an integrated circuit comprising both the memory 5 and also the memory 6. The memory 5 should be 
seen as a mass memory, whereas the memory 6 as a cache memory. 

10 [0062] The interleaving of the symbols of the code-words C2 is such that the 28 symbols of one and the same code- 
word are distributed among 112 blocks of 32 symbols. To each C1 code correction there corresponds a C2 code 
correction. Thus, the system will be correctly initialized only after 112 frames. Moreover, to be able to perform the 
deinterleaving of the code C2, after the C1 code correction, the symbols are stored in the memory 5, of larger capacity 
than the memory 6, and are read back so as, on the one hand, to be written to the memory 6 and, on the other hand, 

is to be provided directly to the syndrome generator 2. 

[0063] Writing to the memory 6 is necessary for the correcting of the code-word by the corrector 4 'on-the-fly', since 
as mentioned with regard to the correction C1, in the CD mode, the corrector reads the code-words to be corrected 
not from the SRAM memory 5, but from the random access memory 6. 

[0064] The C2 correction procedure is similar to that already set out for the correction C1 . Following the correction 
20 on-the-fly, the corrected symbols are stored in the memory 5, although without the parity symbols of the code C2. 

Equation solver - Determination of Q(z) and of A(z) 

[0065] The subsequent description relates to the implementation of the equation solver. 
25 [0066] The main task of the equation solver (also referred to as the 'Key Equation Solver') is to determine the error- 
locating and -evaluation polynomials A(z) and Q(z) respectively. 

[0067] The determination of ft(z) and of A(z) is performed by implementing the extended Euclid algorithm. To do 
this, two registers of polynomials are implemented, RTOP and RBOT respectively, illustrated by Figure 8. 
[0068] The extended Euclid algorithm is as follows: 
30 [0069] The polynomials Q(z) and A(z) satisfy the equation: 



[0070] (The variable 'r' is equal to the number of parity symbols of a code-word (correction capacity of the code), 
that is to say to 2t). 

[0071] The following initial values are taken: 



A(z).S(z)=n(z)mod z 



35 



deg reQ(z)<deg reA(z) 



40 



A n -i(z)=0 
A 0 (z)=1 

a 1 (z)=zr 

Qo(z)=T(z) 



45 



[0072] (We shall take no(z)=S(z) in the case where no erasure is known). 
[0073] The following iterations are carried out until 



so 



deg reft n (z)<deg reA n (z) 



"n( Z ) =n n- 2 ( Z ) mod "n-l( Z ) 



(A) 



55 



(B) 



A nW=A„,(zrQn( z ) + A,2( 2 ) 
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Q n( Z )="n- 2 ( Z ) div "n-l( Z ) 



(C) 



10 



[0074] The polynomial registers RTOP and RBOT each comprise r+1 registers (RTOP(k) and RBOT(k)) of 8 bits, 
referred to as symbols registers. Each of these symbols registers stores a coefficient of one of the polynomials A(z) 
or ft(z). Each register RTOP and RBOT is separated into a part referred to as the A part and a so-called ft part, from 
right to left. 

[0075] Initially, the degree of ft(z) is maximal and the degree of A(z) is minimal. In the registers RTOP and RBOT, 
the degrees of Q(z) increase towards the left, whilst the degrees of A(z) increase towards the right, starting from the 
point of separation between the parts A and ft. 

[0076] Table 1 illustrates the contents of the registers in the initial phase of the iteration. 



Table 1 



is 



20 



Rank of register/cell 


r+1 


r 
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RBOT 
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Pbot 
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0 
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RTOP 


T M 






To 
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Ptop 
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0 
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1 


1 
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[0077] For each symbol register, the flags Ptop and Pbot indicate whether this register comprises a coefficient of ft 
(z) (Ptop/bot=0) or of A(z) (Ptop/bot=1 ). 

[0078] Furthermore, 'DegTop' and 'DegBof are defined as being the degrees of the ft parts of RTOP and RBOT 
respectively, as well as the variable , ratio\ which designates the ratio RTOP(r+1 )/RBOT(r+1). 
[0079] In this context, the extended Euclid algorithm is conveyed as follows: 
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DegBot =r , DegTop=r- 1 
WHILE (DetTop>=t) DO 

IF ratio <> 0 AND (DegTop<DegBot ) 
EXCHANGE RTOP, RBOT 
EXCHANGE DegTop, DegBot 
EXCHANGE Ptop, Pbot 
END IF 
FOR k=r TO 0 

IF (Pbot (k)=Ptop(k)=l) THEN 

RBOT ( k) =RBOT ( k) +ratio*RTOP ( k) 
RTOP(k+l)=RTOP(k) 
ELSE IF (Pbot (k)=Ptop(k)=0) THEN 

RTOP ( k+1 ) -RTOP ( k) +ratio*RBOT ( k ) 

ELSE 

RTOP ( k+1 )=RTOP(k) 

END IF 

Ptop ( k+1 )=Ptop(k) 

END FOR 

DegTop=DegTop- 1 
END WHILE 

[0080] When erasures have to be taken into account, the condition of the WHILE becomes DegTop>=m, where m=t+ 
35 (degreeE(z)/2). 

[0081] The index k designates a cell of order k and the registers which are contained therein. 

[0082] We define r+1 cells, each cell comprising the two symbols registers of RTOP and RBOT having the same 

rank. Each cell must likewise perform the operations defined above. 

[0083] Figure 9 is a layout illustrating the connection of the r+1 cells to form the registers RTOP and RBOT The 
40 dashed rectangle identifies a basic cell, which comprises the various registers, multiplexers, adders and the multiplier 
which is required for implementing the algorithm. 
[0084] Figure 10 is a functional diagram of a cell. 

[0085] The cell comprises a 1-bit register 101 intended for storing the flag Ptop, as well as a 1-bit register 102, 
intended for storing the flag Pbot. These registers each consist of a D flip-flop controlled appropriately. An inversion 

45 circuit 103 possesses two inputs, connected respectively to the noninverted outputs Q of the registers 101 and 102 
(signals Ptop and Pbot). This inversion circuit comprises two outputs, the first of which, referenced Ptop_NEXT, is 
connected to the input of the register equivalent to the register 101 of the next cell, and the second output of which 
loops back to the D input of the register 102. Depending on the value of a control signal SWAP, Pbot is transmitted to 
the first output and Ptop to the second, or vice versa. 

so [0086] The cell also comprises two 8-bit registers, referenced 104 and 105, forming part of the register RBOT and 
RTOP respectively. These 8-bit registers are formed for example of 8 1 -bit registers connected in parallel. The respec- 
tive outputs of the registers 1 04 and 1 05 are each connected to an input of an inverter circuit 1 06 controlled by a signal 
SELECT. 

[0087] The inverter circuit 1 06, mirroring the inverter circuit 1 03, connects each input either to the one, or to the other 
55 of its outputs, depending on the state of the signal SELECT. The first output 107 of the inverter circuit 106 is linked to 
an input of an adder 108. The second output 109 of the inverter circuit 106 is linked to a multiplier 110, which multiplies 
the value present at the output 109 by the variable 'ratio'. The output of the multiplier 110 is linked to an input of the 
adder 108. 
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[0088] On its D input, the register 105 receives a signal RTOPJN, which corresponds to the output from the 8-bit 
register of RTOP of the previous cell. 

[0089] The output signal from the cell to the next cell is referenced RTOPJMEXT. This output consists of the output 
of a multiplexer 11 , which selects, depending on the value of a control signal referenced OMEGA_C, either the output 
of the adder 108, or the second output 109 of the inverter circuit 106. 

[0090] Lastly, the input of the register RBOT 104 is linked by way of a second multiplexer 112, depending on the 
value of a control signal referenced LAMBDA_C, either to the output of the adder 108, or to the output of a third 
multiplexer 113. This third multiplexer selects, depending on the value of the control signal SWAP, either the contents 
of the register 104 (RBOT), or that of the register 105 (RTOP). 
[0091] The control signals are computed as follows: 



is 



LAMBDA.C = Pbot AND Ptop 
OMEGA_C = NOT (Pbot OR Ptop) 
SELECT = NOT (SWAP XOR OMEGA_C) 
EN_MUL = (LAMBDA_C OR OMEGA_C) 



20 



[0092] Figure 11 represents a cell in the case where Ptop and Pbot are equal to 0. The two registers 104 and 105 
of the cell then contain coefficients of Q(z). This configuration of the cell is consequently referred to as the Omega 
configuration. 

[0093] Similarly, Figures 12 and 1 3 represent a cell in the respective cases where Ptop=Pbot=1 and Ptop is different 
from Pbot, and are referred to as the Lambda and Mixed configurations. 



Table 2 



25 


Type of cell 


SWAP = 0 


SWAP = 1 


Lambda cell 


Pbot t+1 (k)=P t bot(k) 


Pbot t+1 (k)=P t top(k) 






Ptop_NEXT t+1 (k)=Ptop t (k) 


Ptop_NEXT t+1 (k)=Pbot t (k) 






RBOT l+1 (k)=RBOT t (k)+RTOP t (k)*ratio 


RBOT t+1 (k)=RTOP t (k)+RBOT t (k)*ratio 


30 




RTOP NEXT t+1 (k)=RTOP t (k) 


RTOP NEXT t+1 (k)=RBOT t (k) 




Omega cell 


Pbot t+1 (k)=P t bot(k) 


Pbot t+1 (k)=P t top(k) 






Ptop_NEXT t+1 (k)=Ptop t (k) 


_Ptop_NEXT t+1 (k)=Pbot t (k) 


35 




RBOT t+1 (k)=RBOT t (k) 


RBOT t+1 (k)=RTOP t (k) 




RTOP_NEXT t+1 (k)=RTOP,(k) +RBOT t (k)*ratio 


RTOP_NEXT t+1 (k)=RBOT t (k) +RTOP t (k)*ratio 




Mixed cell 


Pbot t+1 (k)=P t bot(k) 


Pbot t+1 (k)=P t top(k) 






Ptop_NEXT t+1 (k)=Ptop t (k) 


Ptop_NEXT t+1 (k)=Pbot t (k) 


40 




RBOT t+1 (k)=RBOT t (k) 


RBOT t+1 (k)=RTOP t (k) 






RTOP NEXT t+1 (k)=RTOP t (k) 


RTOP NEXT t+1 (k)=RBOT t (k) 



[0094] The Lambda parts carry out the multiplication of equation (B), whereas the Omega parts carry out the division 
45 of equation (C). 

[0095] Taking for example the polynomial S(z) such that: 



50 



0/ . 14 5 10 4 3 3 7 2 9 12 

S(z)=a z+a z +a z +a z +a z+a , 



then the initial conditions are: 



A n -i(z)=0 
A 0 (Z)=1 
55 n. 1 (Z)=Z6 

«o(z)=S(z) 

[0096] Tables 3 to 10 illustrate the contents of the cells at the end of each iteration of the algorithm. 
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Table 3 



(Initial conditions) (DegBot=6 - DegTop=5 - ratio=a 14 - SWAP=1) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


1 


0 


0 


0 


0 


0 


0 


1 


Pbot 


0 


0 


0 


0 


0 


0 


0 


1 


RTOP 


CX14 




a 3 


aJ 


a9 




0 


0 


Ptop 


0 


0 


0 


0 


0 


0 


1 


1 



Table 4 



(Iteration 1) (DegBot=5 - DegTop=6 - ratio=a - SWAP=0) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


an 


a 10 


a 3 


o7 






0 


1 


Pbot 


0 


0 


0 


0 


0 


0 


1 


1 


RTOP 


1 


0 


0 


0 


0 


0 


0 


1 


Ptop 


0 


0 


0 


0 


0 


0 


0 


1 



Table 5 



(Iteration 2) ( 


DegBot=5 - DegTop=5 - ratio=a 12 - SWAP=0) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


a™ 


a 10 


CC 3 


a7 


a* 




0 


a 


Pbot 


0 


0 


0 


0 


0 


0 


1 


1 


RTOP 


a 11 


a* 


a* 


a 10 


a l3 


0 


1 


0 


Ptop 


0 


0 


0 


0 


0 


0 


1 


1 



Table 6 

(Iteration 3) (DegBot=5 - DegTop=4 - ratio=a 3 - SWAP=1) 



Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 




a 10 


a 3 


o7 


a? 


a 12 




a 


Pbot 


0 


0 


0 


0 


0 


0 


1 


1 


RTOP 


a 3 




a* 


1 


a9 


1 


0 


0 


Rop 


0 


0 


0 


0 


0 


1 


1 


1 



Table 7 



(Iteration 4) (DegBot=4 - DegTop=5 - ratio=a 11 - SWAP=0) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


a 3 


a2 


a2 


1 


a9 


1 


0 


0 


Pbot 


0 


0 


0 


0 


0 


1 


1 


1 


RTOP 


a.™ 


a 10 


a 3 


a 7 


a 9 




a 12 


a 


Rop 


0 


0 


0 


0 


0 


0 


1 


1 



11 



EP 0 942 421 A1 



Table 8 



5 



10 



(Iteration 5) (DegBot=4 - DegTop=4 - ratio=a 6 - SWAP=0) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


a 3 


a2 


a 2 


1 


a* 


1 


a* 


eel* 


Pbot 


0 


0 


0 


0 


0 


1 


1 


1 


RTOP 


a9 


a8 


a8 


a* 






a 


0 


Ptop 


0 


0 


0 


0 


0 


1 


1 


1 



Table 9 



20 



(Iteration 6) (DegBot=4 - DegTop=3 - ratio=0 - SWAP=0) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


<X3 


<X2 


<X2 


1 


a* 




a n 


a^2 


Pbot 


0 


0 


0 


0 


0 


1 


1 


1 


RTOP 


0 


0 


0 


a" 


ai2 


a 


0 


0 


Ptop 


0 


0 


0 


0 


1 


1 


1 


1 



25 Table 10 



(Iteration 7) 


Rank 


7 


6 


5 


4 


3 


2 


1 


0 


RBOT 


a* 


<x2 


Ct2 


1 


a? 


a" 


an 


ai2 


Pbot 


0 


0 


0 


0 


0 


1 


1 


1 


RTOP 


0 


0 


a 11 


a 12 


a 


0 


0 


0 


Ptop 


0 


0 


0 


1 


1 


1 


1 


V 
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[0097] Finally, we therefore obtain: 



* / x 12 2 11 14 

A(z)=ot z +a z+a 

40 

fi(z)=a 11 



[0098] The coefficients of A(z) are stored in the Lambda part of RBOT, whereas the coefficients of Q(z) are stored 
45 in the Omega part of RTOP. 

[0099] After calculating A(z) and Q(z), the coefficients of Q(z) must be adjusted by feeding RTOP(r+1 ) back to RTOP 
(2) and by performing m=t+(degreeE(z)/2) rotations. 

Determination of T(z) - Modified syndrome 

50 

[01 00] Advantageously, the equation solver is also used to multiply the polynomials E(z) and S(z) for the calculation 
of the modified syndrome T(z). The necessary multipliers are already available to the equation solver since the deter- 
mination of the polynomial A(z) requires a multiplication of polynomials. These resources are harnessed as regards 
the multiplication E(z)*S(z), thereby simplifying the makeup of the generator 2. 
55 [0101] The maximal degree of S(z) is 2t-1=r-1, whilst that of E(z) is 2t=r by construction (if the degree of E(z) is 
greater than 2t, the code-word is marked as uncorrectable). The maximal degree of T(z) is therefore r+1 , this corre- 
sponding exactly to the number of cells of the equation solver. 

[0102] Figure 14 illustrates the configuration of a cell for the implementation of a multiplication. The registers Ptop 
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and Pbot serve to determine the contents of the registers RTOP(k) and RBOT(k). The configuration of the cells is fairly 
close to that illustrated by the diagram of Figure 12 (Ptop=Pbot=1), that is to say the Lambda configuration. Each 
register RBOT feeds back to its input through the associated adder 108, whereas the input of each register RTOP is 
connected to the output of the register RTOP of the previous cell. Lastly, all of the multipliers of the cells are connected 
s to the same input E, with a view to entering in series the coefficients of one of the two polynomials to be multiplied. 
Within the framework of the present example, it is the coefficients of E(z) which are entered therethrough, but the 
coefficients of S(z) could also be entered. The input E would serve in the configuration used for the determination of 
A(z) and £2(z) to supply the value of 'ratio* to each cell. 

[0103] Another difference with the Lambda configuration of Figure 12 is that the state of the inverter circuit 106 
10 remains identical throughout the multiplication. 
[0104] The principle of operation is as follows: 

[0105] Initially, the coefficients of S(z) are stored in the registers RTOP. A '0' is presented to the input of the first 
register RTOP(0). 

[0106] Subsequently, the coefficients Ej of E(z) are presented in order of increasing index to the input E, at a rate of 
is one coefficient per clock cycle. 

[01 07] The number of clock cycles which are necessary for performing the multiplication is equal to the degree of E(z). 
[01 08] By way of example, Table 1 1 gives the contents of each of the registers in the case of a multiplication of S(z) 
and of E(z) where S(z) is of degree 3 and E(z) of degree 3. 

20 Table 11 



Clock cycle 


Cell Register 


4 


3 


2 


1 




RBOT 


0 


0 


0 


0 




RTOP 


S3 


s 2 


Si 


S 0 


1 


RBOT 


S 3 E 0 


S 2 E 0 


SnEo 


SqEq 




RTOP 


s 2 


Si 


So 


0 


2 


RBOT 


S 3 E 0 +S 2 E 1 


S 2 Eq+S-jEi 


S-jEq+SqE-i 


s o E o 




RTOP 


Si 


So 


0 


0 


3 


RBOT 


S3E0+S2E-J+S-1 E 2 


S 2 Eq+S-| e.^ +s 0 e 2 


SiEq+SqE-j 


s o E o 




RTOP 


So 


0 


0 


0 


4 


RBOT 


S3EQ+S2E1 +S-|E2+SqE3 


S 2 E 0 +S-j E-j +SqE 2 


S-jEq+SqE-i 


S 0 E 0 




RTOP 


0 


0 


0 


0 



35 

[0109] It may be seen that the registers RTOP(k) form a shift register serving solely to store the coefficients of S(z). 
The shift register is effected by correctly choosing the state of the inverters 106. The registers RBOT(k) serve as 
respective accumulators for each coefficient of the polynomial T(z). 
[0110] Each register RBOT(k) therefore ultimately contains the coefficient T k , where 

40 



T(z)= ZT k z k . 
k = l 

45 

Determination of the new error-locating polynomial Mf(z) 

[0111] Advantageously, the equation solver is also used to multiply the polynomials E(z) and A(z) for the calculation 
of \|f(z). The latter polynomial is calculated once A(z) has been determined by the equation solver. Once the extended 
50 Euclid algorithm has been implemented, the coefficients of A(z) are stored in the Lambda part of RBOT. The other 
registers RTOP(k) and RBOT(k) are set to zero. 

[0112] The configuration of the cells for carrying out the multiplication is illustrated by the diagram of Figure 15. 
[0113] The registers RTOP(k) are connected in series via the adders of the cells. The value '0' is presented to the 
input of the first register RTOP(0). The output of each register RBOT(k) is connected to the multiplier of its cell k. The 
55 values stored in the registers RBOT (k) do not change during the present multiplication. As in the configuration of 
Figure 14, the inputs of the multipliers other than the inputs connected to the output of the registers RBOT(k) are 
interconnected (reference E). 
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[0114] The degree of A(z) is equal to the number of errors. The degree of E(z) is equal to the number of erasures. 
[01 1 5] Table 1 2 gives the contents of the cells after each clock cycle. 



Table 12 



5 


Cycle 


Cell 

Register 




7 


6 


5 


4 


3 


2 


1 


0 






RBOT 


0 


0 


0 


0 


0 


0 


A 0 


An 


A 2 






RTOP 


0 


0 


0 


0 


0 


0 


0 


0 


0 


10 


1 
i 


nDU I 














A 0 


A 

A 1 


A 

A 2 






RTOP 


0 


0 


0 


0 


0 


A 0 E 0 


A,E 0 


A 2 E 0 


0 




2 


RBOT 


0 


0 


0 


0 


0 


0 


A 0 


An 


A 2 


15 




RTOP 


0 


0 


0 


0 


A o E o 


A iE 0 + 
A 0 E! 


A 2 E 0 + 
A-|E-| 


A 2 E 1 


0 




3 


RBOT 


0 


0 


0 


0 


0 


0 


A 0 


An 


A 2 


20 




RTOP 


0 


0 


0 


A o E o 


AiE 0 + 
AqEt 


A 2 E 0 + 
AiE 1+ 
A 0 E 2 


A 2 E 1 + 
A,£ 2 


A 2 E 2 


0 


4 


RBOT 


0 


0 


0 


0 


0 


0 


A 0 


An 


A 2 






RTOP 


0 


0 


Aq e 0 


A,E 0 + 


A 2 E 0 + 
A,E 1+ 
A 0 E 2 


A 2 E-,+ 
A iE 2 + 
A o E 3 


A 2 E 2 + 
A1E3 


A 2 E 3 


0 



25 



[0116] During the calculation of \|/(z), the multipliers which remain active are those of the cells for which Pbot(k)=l. 
[0117] Although the present illustrative embodiment relates to Reed-Solomon correction, the described configuration 
of two memories can be applied in all cases in which data packets of substantially different length are to be corrected. 
[0118] Lastly, Figure 16 represents an optical disk 201 reader 200 comprising the device in accordance with the 
invention. This reader comprises an optical block 202 comprising in a known manner a laser, focusing means, photo- 
electric detectors. The reader also comprises a motor 203 controlled by a slaving unit 204. The data read by the optical 
block are transmitted to a demultiplexer 205. The drive data are transmitted to a microprocessor 206 controlling a 
display 207, slaving of focusing 208 andlracking 209. A keyboard 210 enables the user to control the reader. 
[0119] The CD/DVD data packets proper are transmitted by the demultiplexer 205 to the decoding device 1 linked 
to the memory 5 and to an interpolation unit 211 which acts as an interface with digital/analog converters (not illustrated). 



Claims 

40 1 . Reed-Solomon error correction device, comprising Reed-Solomon type correction means (2, 3, 4) for carrying out 
correction passes, characterized in that it furthermore comprises: 

a first memory (5) intended for containing DVD type data, as well as CD type data (C2) after a first correction 
pass, with a view to the deinterleaving of the said CD type data before a second correction pass; 
45 a second memory (6) of cache memory type and distinct from the said first memory, the said second memory 

being intended for containing CD type data (C1 ) before correction, as well as deinterleaved CD type data (C2). 

2. Device according to Claim 1 , characterized in that the symbols corresponding to the DVD type data are transmitted 
to the Reed-Solomon type correction means from the said first memory (5), whereas the symbols corresponding 

50 to the CD type data are transmitted to the Reed-Solomon type correction means from the said second memory (6). 

3. Device according to any one of the preceding claims, characterized in that the said second memory is intended 
for storing at least two interleaved packets of data (C1 ) of CD type before a first correction pass, so as to perform 
a deinterleaving of the said packets. 

55 

4. Device according to any one of the preceding claims, characterized in that the correction means, of Reed-Solomon 
type, comprise a corrector (4) which carries out an on-the-fly correction of the symbols corresponding to the CD 
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type data from the second memory (6). 

Device according to Claim 4, characterized in that, within the context of a correction of the DVD type data, the 
corrector (4) reads from the first memory (5) only the symbols to be corrected and writes the corrected symbols 
thereto. 

Device according to any one of the preceding claims, characterized in that the first and the second memory com- 
prise locations for storing error flags for the data stored in these memories. 

Device according to any one of the preceding claims, characterized in that it comprises a first integrated circuit 
containing the said Reed-Solomon correction means (2, 3, 4) and the said second memory, whereas the said first 
memory is contained in a second integrated circuit distinct from the first integrated circuit. 

Reader (200) of optical disks (201 ), characterized in that it comprises a device according to any one of the preceding 
claims. 



15 



EP 0 942 421 A1 




16 



EP 0 942 421 A1 



cooe Pi 





80,0 


































































Ed 


— 














LZiliLAM 


L , j 



CODE PO 



FIG. 2 



17 



EP 0 942 421 A1 




18 



EP 0 942 421 A1 




19 



EP 0 942 421 A1 




EP 0 942 421 A1 



FIG.6 
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